ABSTRACT: Allozyme variability of populations of Merodon avidus A (M i l a nk o v et al., 2001) from Dubašnica Mountain (Serbia), Morinj Bay (Montenegro) and Pindos Mountain (Greece) was analysed. The influence of gene flow on genetic differentiation among populations from the three biogeographical regions was also investigated. Genetic differentiaiton quantified by the F st value, which is an inverse function of gene flow between populations, seemed to be correlated to both geographic and genetic distance (D, N e i, 1978), Namely, in the population pairs Morinj -Dubašnica (253 km air distance), Morinj -Pindos (390km air distance) genetic differentiation and genetic distance increased with the geographic distance (F st = 0.133, D = 0.022 and F st = 0.309, D = 0.052, respectively). The exception was the population pair Dubašnica -Pindos (500 km air distance), where a lower degree of genetic differentiation was observed (F st = 0.266; D = 0.047) than was expected based solely on the geographic distance. Results of this study suggest that that genetic differentiation among conspecific populations depends not only on the number of migrants (i. e. gene flow), but also on different selection pressure in different habits.
INTRODUCTION
The genus Merodon Meigen, 1803 of the family Syrphidae, subfamily Milesiine, tribe Eumerini, is the third-largest European genus. It comprises about 55 species that occur throughout the continent (except its most northerly parts), but predominate in the southern and Mediterranean areas (H u r k m a n s, 1993; D i r i c k x, 1994). On the Balkan Peninsula more than 50 Merodon species have been found which represents approximately 10% of hoverflies diversity in this area.
The group avidus of the genus Merodon has been defined based on the apomorphic characters of the abdomen and anterior lobe of surstylus (H u r km a n s, 1993), but there is no identification key that includes all known Euro-pean taxa from this group, with females being particularly difficult to separate (S p e i g h t, 2003). Ever since its first description, M. avidus has been the subject of taxonomic debates due to its great variaiton of the coloration anennae, thorax, legs and abdomen (H u r k m a n s, 1993). This resulted in 24 known synonyms for the M. avidus species today (H u r k m a n s, 1993).
A recent study of allozyme variability in populations of the M. avidus taxon identified two cryptic taxa, Merodon avidus A and Merodon avidus B ( M i l a n k o v et al., 2001) . Based on the diagnostic species-specific alleles at Idh-2 and Aat loci, a Mediterranean species M. avidus A was delineated from the mountaine taxon M. avidus B. In addition, results of morphological analysis of tergite II and III, tibiae, and mesoscutum confirmed the existence of at least of two taxa. M. avidus A was also registered at several localities in the central part of the Balkan Peninsula with Mediterranean faunal elements.
Specimens of M. avidus have been recorded throughout Europe: from southern Sweeden in the North, to the Mediterannean and North Africa in the South, and from Spain in the West, to Turkey and European parts of Russia and in Asia Minor in the East (S p e i g h t, 2003). As the wide distribution of M. avidus and varying environmental conditions in different habitats likely contributed to this species' variability, the goal of this paper was twofold: to analyze genetic differentiation of populations of M. avidus A using allozymes, and to study evolutionary mechanisms which influenced the genetic divergence of geographically distant populations. Populations of M. avidus from three different biogeographical regions (based on M a t v e j e v and P u n c e r, 1989) were chosen: Biome of evergreen Mediterranean maritime woodlands and maquis (Morinj Bay on the Adriatic coast), Biome of South European mostly deciduous woodlands (Dubašnica Mountain), and Biome of stony grounds, pastures and woods on stony grounds of (oro)mediterranean mountains (Pindos Mountain).
MATERIAL AND METHODS

Sample collection
Specimens Merodon avidus A were collected from Dubašnica Mountain, Serbia (AADUB; 14 specimens), Morinj, Montenegro (AAMOR; 30) and Pindos Mountain, Greece (AAPIN; 9) ( Fig. 1) .
Allozyme analysis
Allozyme variability of aldehyde oxidase, aspartate amino transferases, b-hydroxy acid dehydrogenase, fumarate hydratase, a-glycerophosphate dehydrogenase, glucosephosphate isomerase, hexokinase, isocitrate dehydrogenase, malate dehydrogenase, malic enzyme, phosphoglucomutase and superoxide dismutase (Tab. 1) was studied using the method of polyacrylamide gel electrophoresis (PAGE) according to M u n s t e r m a n n (1979) and P a s t e u r et al. 
Analysis
Statistical analysis of electrophoretic variability data was performed using the BIOSYS-2 computer program (S w o f f o r d and S e l a n d e r, 1989). The influence of gene flow on genetic divergence of populations was inferred from values of pairwise F st from the formula of W r i g h t (1951): F st = 1/(1 + 4 N e m), where N e m being the measure of gene flow between populations (S l a tk i n and B a r t o n 1989). The relation between genetic differentiation, measured by allelic variance of the particular population or Wright's F st value, and geographic distance (air distance between localities in kilometers; Fig. 1 ), as well as F st value and Nei's genetic distance (D; N e i, 1978) have been analysed as well. The resence of rare alleles (frequency < 0.1) was used tom evaluate interpopulation divergence.
RESULTS
Out of 16 analysed izozymic loci, six loci were monomorphic (with a common allele) in all populations: Ao, Gpd-2, Gpi, Had, Mdh-2, Me. Based on the geographic distribution of the allelic frequency, unique, rare and major alleles, spatial variation of the M. avidus A has been studied (M i l a n k o v et al., 2001). With the exception of the Gpi locus, same major alleles (frequency > 0.5) were found at all other analysed loci. Rare alleles Gpd-2 i and Had j were detected only in the heterozygous combinations with common alleles. Unique alleles, specific alleles, present only in one population, were recorded at four loci: Gpd-2, Gpi, Mdh-2 and Me (Fig. 2) .
Difference between all genotypic classes based on Hardy-Weinberg values was statistically significant for all variable loci in all populations. The genotypic fixation index, F is , indicated excess homozygosity (F is > 0) in all populations at each variable loci except Gpd-2 in the AADUB population and Had in the AAPIN population. These results were in accordance with Selan- The degree of genetic differentiation among conspecific populations was quantified using parameters of the F-statistics (W r i g h t, 1951), that partition genetic variaiton of all hierarchical levels -from individual level, through population to the whole species. Although representing only a part of the total variability, F st as a measure of genetic differentiation between populations of M. avidus A was the most important parameters in explaning the distribution of genetic variation (Tab. 3). 
f. -Degree of freedom; P -Level of significance (ns. = not significant; ** = significant at P £ 0.01; *** = P £ 0.001)
Genetic differentiation among conspecific populations of M. avidus A was mainly caused by statistically significant difference in the allele frequency at Gpi (F ST = 0.639), followed Me (F ST = 0.255) and Gpd-2 (F ST = 0.104) loci (Tab 3).
Significant difference in allele frequencies at Gpi had the strongest influence on genetic differentiation of populations originated from localities Dubašnica -Pindos and Morinj -Pindos, followed by the difference in allele frequency at Gpd-2 (MOR-PIN) and Me (DUB-MOR and MOR-PIN) (Tabs. 4-6). d.f. -Degree of freedom; P -Level of significance (ns. = not significant; ** = significant at P £ 0.01; *** = P £ 0.001) d.f. -Degree of freedom; P -Level of significance (ns. = not significant; ** = significant at P £ 0.01; *** = P £ 0.001) Genetic differentiation, quantified by the F st values, was positive correlated to geographic distance and genetic distance for populations pairs Dubašni-ca-Morinj (253 km; F st = 0.133; D = 0.022) and Morinj-Pindos (390 km; F st = 0.309; D = 0.052). Not following this trend was the population pair Dubašnica -Pindos (500 km). The degree of genetic divergence between AADUB and AAPIN populations was lower (F st = 0.266; D = 0.047) than expected based on the geographic distance (Figs. 3, 4) . Additionally, the number of migrants 40 
DISCUSSION
Geographic structure of the species is one of the basic components of the ecological and evolutionary studies, which contains demographic and genetic structure. A complex population structure, including set of populations, clinal and peripheral populations and zone integration, is a common trait of the hierarchical level of the species. Geographic variability of the species is a general occurance and inevitable result of the habitat spatial discontinuity, geographic variation of the available habitat and effect of the evolutionary mechanisms. Different evolutionary processes such as gene flow, natural selection, mutation, genetic drift and historical effects may cause differentiation of the genotypes, differences between allelic frequencies and unique alleles in the spatially divergent subpopulations (R o d e r i c k, 1996).
In the study of the importance of a particular evolutionary mechanism in genetic divergence among conspecific populations, from the family Syrphidae, temporal allozyme variability was also taken into account (L u d o š k i et al., 2002; M i l a n k o v et al., 2002; S t a m e n k o v i ã et al., in press). Recent studies of the geographic distribution of variability showed that genetic changes during independent evolution of the conspecific populations of the Cheilosia vernalis species was mainly a result of differential selection in various parts of the population habitat, and partially a conseqence of the population substructuring, while gene flow, historical effects and genetic drift probably had a minor influence (M i l a n k o v et al., unpublished). Contrary to the discontinued spatial variation of the C. vernalis species, clinal continual variability of the Merodon avidus B species has been observed (M i l a n k o v et al., 2001).
A high value of the local inbreeding (F is ; W r i g h t, 1951) and deficit of heterozygotes in populations of M. avidus A, suggest the effect of the genetic drift and limited rate of migration. A direct consequence of the population substructuring are Wahlund's effect (W a h l u n d, 1928) and local inbreeding, resulting in excess of homozygosity, high value of the Index fixation (F is ) and a presence of rare alleles. The highest number of rare alleles were registered in the AAMOR population (Gpi l , Had i , Had j ), while in AADUB and AAPIN only one rare allele (Gpd-2 i and Had j , respectively) was identified. Considering that the effect of genetic drift, historical effect and gene flow are almost equal at all loci, which depend on biology of a particular species, geographic distance between populations, barriers, similar habitats of subpopulations (J o h a n n e s s o n and T a t a r e n k o v, 1997), it could be expected that F st would be a similar in all polymorphic loci. However, results in this study indicate that genetic drift and gene flow have not been a major factor in the observed distinct genetic divergence between conspecific populations. Additionally, if these mechanisms had been decisive factor of the allelic frequencies, the variance of the polymorphic loci would have been equal. In other words, in that case, genetic changes during independent evolution of the analysed population would be uniform and the same rate of changes in all loci. As opposed to this, genetic divergence between conspecific populations, measured by F st parameter, ranged from 0.133 (between AADUB and AAMOR), 0.266 (AADUB and AAPIN) to 0.309 (AAMOR and AAPIN) and was caused by differences of the allelic frequencies at Ao (AADUB-AAMOR), Me (AADUB--AAMOR; AAMOR-AAPIN), Gpi (AADUB-AAPIN; AAMOR-AAPIN) and Gpd-2 (AAMOR-AAPIN). Differences of the allelic frequencies at Had and Mdh-2 were not significant for the divergence of all pairs of conspecific populations. Loci that had the strongest influence on differentiation were Gpd-2, Gpi and Ao. Based on the results herein it could be hypothesized that genetic changes during independent evolution of conspecific populations of M. avidus A have not been equal and uniform. Except the Had and Mdh-2 (no registers differences in allelic frequencies), and Me (similar standard variance among all analysed conspecific populations) loci, at all other analysed loci similar value of the genetic changes were not observed. So, alleles of those loci possessed different fitnesses in different habitats. Also, occurrence of the locality to different biogeographical areas (L o p a t i n and M a t v e j e v, 1995) indicate the influence of the natural selection to the divergence between conspecific populations.
Furthermore, absence of strong relationships between geographic distance and values of the standard variance (F st ) as well as between gene flow, measuring by Nm coefficient (W r i g h t, 1951), and geographic distance show that historical effect and reduce of gene flow have not been important mechanism responsible for the observed genetic divergence. Thus, genetic differentiation among the populations from localities with similar history, such as Biome of South European mostly deciduous woodlands (Dubašnica Mountain) and Biomes of stony grounds, pastures and woods on stony grounds of (oro)mediterranean mountains (Pindos Mountain) (L o p a t i n and M a t v e j e v, 1995) was smaller than expected ones, based on their geographic distance. Also, distribution of the genetic variability of the M. avidus A taxon is likely to be a results of the biotic factors. In that habitats and during a simultaneous period of adult activities the mountainous population of the M. avidus B cryptic taxon has been registered (M i l a n k o v et al., 2001). Moreover, characteristic of AAMOR population are: it is a typical Mediterranean population from a typical Mediterannean habitat, without a contact with the mountaine population. Also, a high variability is a specific for the AAMOR population. Namely, the analysis of the morphological traits of a large population from Morinj showed the great variability which is correlated with the allozyme variation, and some specimens were very close to the montane "phenotype" (M i l a n k o v et al., 2001) . In all probability, the importance of the population structuring to the genetic differentiation pointed to registered differences among spring -early summer generation (V-VI) and late summer generation (VII-IX), so spring Mediterranean samples and some specimens in Mediterranean population were almost inseparable from slightly variable montane specimens (M i l a n k o v et al., 2001). Likewise, higher degree of the differences between sympatric populations of the Mediterranean M. avidus A and mountane M. avidus B taxa from Dubašnica Mountain, as well as great degree of variability of the alopatric population of M. avidus A from Morinj might be a result both a character displacement and a presence of the cryptic taxon, especially belonging to the great variable mediterranean taxon, M. avidus A.
